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Research on asymmetry of high arch dam foundation
and its improvement effect

. 1 1 . 1 . 2 . .2 .12
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(1. State Key Laboratory of Hydroscience and Hydraulic Engineering, Tsinghua University, Beijing 100084, China;

2. PowerChina Huadong Engineering Corporation, Hangzhou, Zhejiang 310014, China)

Abstract: The geological and topographical asymmetries of high arch dam foundations are essential problems which threaten the
arch dam safety. Based on Baihetan arch dam engineering, a geomechanical model test is conducted to particularly evaluate the
characteristics of the high arch dam with an asymmetrical foundation, from the respects of states of stress and deformation of the dam
and its failure modes. Three-dimensional numerical simulations are built on both original and improved design schemes, based on
which elastic-plastic finite element analysis is conducted. A comparison is then made between two sets of results in terms of dam
deformation, stress distribution in dam abutment, local and global stabilities of the structure. The actual effect and reinforcement
mechanism of the design optimization and reinforcement measures, adjusted to those existed asymmetries of dam foundations, are
evaluated by combining with experimental results. It is shown that the optimization of dam shape and foundation reinforcement act
synergistically to improve the dam deformation, state of stress and transmission of force in dam abutment area, and global stability of
the dam-foundation system. The research of Baihetan arch dam asymmetry problem is significant to deepen the comprehension of
optimization design and engineering reinforcement especially for high arch dams.
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Fig.1 Faults and dislocations in dam abutments
of Baihetan arch dam
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Table 1 Shape parameters of different high-arch dams
Ylghse  Him bB¥ LU
K mB KEF KEF,
/m /m’ /10%t /10%
FESHME 1868.7 289 626.6 7023 152752 -26.7 1 645
BiBbt  1117.8 305 4828 5523 109197 -17.0 1281
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Table 3 Material parameters of dam and rock masses
M AEHE PEERE S BRI e

Bk 1289.5 278 5875 679.0 130433  -9.7 1274 R /(kN/m’) /GPa AL /MPa
WRTREE T 24.0 24 0.17 1.6 2.5

3 El E%fxﬁﬁiiﬂim}ﬁjj #*ﬁﬂiﬁ% IEAF RN 28.5 25 0.21~022 1.5~1.6 2.0~2.2

[IESFEN 28.0 13 0.24~026 1.0~1.2 0.8~1.0

3.0 MR SRR AR M2EEA 260 0.26~028 0.8~1.0  0.6~0.8

VI 1 25.0 0.30~0.32 0.7~0.8 0.5~0.6
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Table 2 Similarity coefficients of the geomechanical model
test of Baihetan arch dam
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Table 4 Material parameters of main structural planes

s by JE R A A B R S R I) ¢

/ m / GPa / MPa

F14,F16 0.4 1.00 0.45 0.10
F17 0.6 1.00 0.35 0.05
F18 0.8 1.00 0.40 0.05
f108 0.1 1.20 0.43 0.08
C4 0.1 0.15 0.25 0.02
C3 0.2 0.25 0.45 0.10
C3-1 0.2 0.25 0.38 0.07
Ls337 0.1 0.25 0.38 0.07
Ls331 0.2 0.10 0.55 0.15
Ls3318 0.2 0.10 0.38 0.07
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Fig.2 Geomechanical model of Baihetan arch dam
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Table 5 Displacements of downstream dam from
physical model tests

[ NG 17 62 4%/ mm BT i {742/ mm

/m A HOd At At HUd et
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760 14.4 113.0 11.7 0.1 -12.6 11.7
680 15.7 102.1 20.7 -20.8 1.8 11.7
610 17.4 73.3 35.1 -17.7 22 12.7
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560 41.7 20.8
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Fig.3 Comparison of downstream displacements
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Fig.5 Schematic cracking process diagram
of dam surfaces
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Fig.12 Unbalanced forces distribution of downstream
surface under 3.5 times water pressure
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Fig.13 Unbalanced force vector diagrams of sliced plane at
610 m elevation under 3.5 times water pressure
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Table 6 Unbalanced forces of dam toe region under
overload conditions (unit: t)

I _ AJI% _ _ B i % _
Jij A7 Jij i

1.0 4614 0 0 0
1.5 74 181 226 51 19
2.0 148 506 784 261 32
2.5 235783 1921 2218 85
3.0 332373 3758 11766 325
3.5 447967 6772 38 449 1580
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Table 7 Plastic complementary energies under overload
conditions (unit: t- m)

7K AR B i %

(R Bk 7ij £ij Bk Jefi £ij
1.0 0.000  0.035 0.001  0.000  0.000  0.000
1.5 0.000 0490  0.025  0.000 0.080  0.029
2.0 0.000  1.411  0.090  0.000 0.111  0.028
2.5 0.000  2.807 0213  0.006 0242  0.032
3.0 0.001 5069 0402 0034 0731  0.118
3.5 0318  9.002 0.899 0819 2110  0.379

160 o fmm a0
A E'-ﬁhuﬁﬁ(sﬁ%)
22—
g 0 =
B8 b —a AL
“é F——
= 4 | oe K
ﬂ* L
0 /
1.0 1.5 2.0 2.5 3.0 3.5

R
B 14 K TRERMBEPERAEEET A

Fig.14 Plastic complementary energies of foundations
in different engineering cases
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